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A prel lu~nary IM powered-descent trajectory reportey in reference 1 
ha8 been wed for  the past year as the naminaldescent trajectory f o r  
the A p o U o  llunrr 3snding mission. llrie trajectory p r o f i k  WOO bjsed 
partJy on guidance and targetillg developed by MIT/IL and partly a en 
unguided Irndillg phase which sat ief ies  conetrainte for p i l o t  control as 
epccificd in reference 2. Recently the constraints dur ing  the f i n a l  
approach and landing phases were modified as reported in reference 3. 
Furthermore, a change i n  the deecent in i t ia t ion  (engine ignition) 
a3gorithm suggeetcd in reference 4 has recently been Incorporated in to  
the MIT/IL guidance logic. Thus, a study wae undertaken by WAD t o  
determine new targeting parametere t o  provide a complete gulded dercent 
maneuver t o  be comprt1b.b with tbe new constraints and new ignit ion 
logic. This study war reported In reference SI !Be purpoae of th i s  
report i r  t o  prceent the trajectory characterist icr f o r  a IM powered- 
descent msneuvrr eelected fran the study i n  reference 5 and propose 
tha t  thio trajectory be used for mission planning studies as the new 
nominal trajectory for the A p o U o  lunar landing mieelon. 

DEFINITION OF --DESCENT 

I Operatiosul Pharree 

The IM powered-descent trajectory l e  ini t ia ted a t  pericynthion of 
a 50 OOO-if by 80-n. mi. descent trrnefer orbit. The powered descent 
caneiets of three op ra t iona l  plurrr - braking, f % M l  approach, and 
landing. 
ef f ic ien t  reduction of the OrbiOal s l o c i t y  and terminrtes a t  a -1- 
t ion  termed hi-gate, which 1s a t  apprauiaately 9OOO-ft altitude. llre 
final approach -re, baginning a t  hi-gate, i r  d e r i p d  t o  allow for 
pi lo t  visual (out-the-window) aeeeerment of %he land- area and for 
rbort safety. 

!Che braking phase, inl t ia ted a t  pericynthion, is deeigned for  

Thio phase termimtes a t  a position tennsd lo-gate, 
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which is  a t  approximately 5 O O - f t  a l t i tude.  The landing phase, beginning 
a t  lo-gate, is designed t o  provide the crew with detai led v isua l  assess- 
ment of the landing area and t o  provide compatibility f o r  p i lo t  take- 
over f romthe automatic control. This phase includes a slow ve r t i ca l  
descent from approximately 65 ft  and terminates a t  touchdown on the 
surf ace. 

Guidance and Targeting 

The automatic guidance logic is  based on quadratic acceleration 
fo r  the predaminant portion of the descent. During the braking phase 
the quadratic guidance i s  targeted t o  the hi-gate s t a t e  vector. Linear 
guidance i s  used when time-to-go (Tgo) is  less than 20 seconds. 
short  4-second t rans i t ion  period of l inear  guidance is wed t o  achieve 
the desired at t i tude fo r  beginning the f i n a l  approach phase. After 
achieving hi-gate the quadretic guidance is targeted t o  a s t a t e  vector 
f o r  beginning ve r t i ca l  descent. Again, l i nea r  guidance is u t i l i zed  
when Tgo approaches 0 (less than 10 seconds) and is ut i l ized  f o r  a 
short  bsecond t rans i t ion  t o  achieve the ve r t i ca l  a t t i tude  descent. 
The guidance f o r  the ve r t i ca l  descent is  a velocity nulling technique 
f o r  maintaining a constant descent ra te .  A complete description of 
the descent guidance is  given i n  reference 6. 

A 

DESCRIPTION OF PROPOSED TRAJECMFtY 

The proposed descent t ra jec tory  is  based on the IM systems and 

Time h i s tor ies  of the t ra jec tory  

The v i s ib f l i t y  angle s h m  i n  part (c) 

spacecraft characterist ics defined i n  reference 7. The guidance t a r -  
get vectors are given i n  table  I. 
character is t ics ,  thrust profile,  and guidance canmands f o r  the en t i re  
descent are given i n  figure 1. 
of figure l i s  the included angle between the X-body axis and the vector 
fran the vehicle t o  the current landing s i t e .  
f o r  the en t i re  descent i s  shown i n  f igure 2. The variation of a l t i tude-  
r a t e  with alt i tude i s  i l l u s t r a t ed  i n  figure 3 f o r  the e n t i r e  descent. 
Enlargements of the time h is tor ies  of the t ra jec tory  character is t ics  
and guidance commands f o r  the f i n a l  approach and lending phases are  
i l l u s t r a t ed  i n  f igure 4. 

The altitude-range profile 

The conetreints f o r  p i lo t  control  during the lending phase have 
been defined i n  reference 3 a8 a function of range t o  the landing e i t e .  
In  figure 5,  the character is t ics  of the proposed t ra jec tory  during the 
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landing phase are  presented in the same range f o m t  f o r  purposes of 
canparison with the constraints i n  reference 3. It can be seen from 
this figure t h a t  the t ra jectory charecter is t ics  a re  within (less than 
o r  equal t o )  the constraint bouadrriae throughout the descent phase. 
The time scales represent the time-to-go t o  the t ranei t ion t o  ve r t l ca l  
a t t i tude.  

ThC AV and progClJant requlrtmente f o r  the descent traJectory are 
tabulated i n  table  I1 for each opratloml phase. 
6706 fpa which is within the ncminal budgcted allowance of reference 8. 

The t o t a l  AV is 

A IM powered-descent trajectory for lunar landing has been presented 
which sa t i s f i e s  the current operational constraints. It is proposed 
t h a t  this trajectory be used i n  engineering simulations as the new nom- 
inal t ra jectory f o r  the Apollo lunar lnnding mission. 



TABLE I.- GUIDANCE TARGET VECTOm mR IN DESCENT 
r 

Deecent phase6 
Tlln8 it ion 

Igni t ion  T r i m  Braking ~~:~~~~ LFina' rpprocrch t o  v e r t i c a l  
A i m  condi t ions * 

and landing 

Posi t  iona 
(L-frame 1: 
x, f t  5 711 987 5 7U 347 5 702 472 5 702 460 
Y, it 0 0 0 0 
z, f t  1 559 654 -33 077 -30 892 -1.733 0 

Ve lcc 1 t yb 
(G-frame ): 

x J  f m  -159.3 -158.4 -3.1 -3.0 
Y, f p s  0 0 0 0 
zJ  f w  561.3 532.6 1.3 0 

Accekrs t ion  
(G-frame ) : 

X, f t / s e c  
Y, f t / s e c  
Z, f t / s e c  

b 

-1.454 1.915 05 0 
0 0 0 0 

-8.301 -6.075 -.65 0 

2 

2 
2 

1 T Z r a m e b  1 : 
Z, f t / s e c  3 

Nominal time 
f o r  phase, sec 

'The L-frame coordinate system has i t s  or ig in  a t  the  center  of t h e  moon; the  X axle  cont inuoudy 
pierces t h e  i n i t i a l  lending s i t e ,  the  Y a x i s  is pcrpendicular t o  the  IM lending t r a j e c t o r y  a t  
the  end of the  v i s i b i l i t y  phase, end t h e  Z axis  c a n p k t e e  the  right-hand system. 

bThe G-frame coordinate system has i t s  or ig in  a t  t h e  cur ren t  lending site; t h e  posi t ive X axle  
i s  from t h e  center of t h e  moon t o  the current  landing s i t e ,  t h e  positive Y a x i s  is n o m 1  t o  
the  t r a j e c t o r y  plane e t  the time of a r r i v e 1  a t  the aim point, and the  Z axle  c a n p k t e e  the  
right-hand syetem. 

I 
- . ow829 0 -034336 0 

26 467 4 158 4 

I I  
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Brakingphase . . . . . . . . . . . . . . . . . . . . . .  5 3 6 2  
Final approach phase . . . . . . . . . . . . . . . . . .  861 
Iandingphaee ...................... 305 
Vertical descent .................... 81 
T o t a l .  . . . . . . . . . . . . . . . . . . . . . . . . .  6 6 0 9  

Ropeulnt,  lb: 

Brakingphase . . . . . . . . . . . . . . . . . . . . . .  U817 
Final approach *art . . . . . . . . . . . . . . . . . .  1 6 2 1  
Iandlngphrae . . . . . . . . . . . . . . . . . . . . . .  537 
R r t i c a l  descent .................... 139 
T o t a l . .  . . . . . . . . . . . . . . . . . . . . . . . .  16115 
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